-1.1-eV-wide valence feature derived from the second highest molecular orbital (HOMO -1) of C6o. For h v=8.1 eV, the 1-eV-wide HOMO-derived feature exhibits changes with emission angle mainly due to dispersion of 0.6 eV in the unoccupied bands. The distribution of electronic states underlying HOMO and HOMO -1 indicates that vibronic loss structures are not necessary to explain the width of these valence features.
The apparent similarity of solid and gas-phase C60 photoemission results has raised fundamental questions concerning the nature of electronic states in fcc C60 and the associated superconducting systems. This similarity has been attributed to the highly molecular character of fcc C60 and led to speculation that vibronic losses, evident in gas-phase spectra, may be important for interpreting the solid-state spectra. ' ' It has also been suggested that the orientational disorder inherent in C60 crystals at room temperature may disrupt the formation of extended electronic states ' and produce a short mean free path in A3C60. Other calculations have predicted delocalized states in the solids with relatively wide bands ' and a mean free path nearly two times the intermolecular separation.
The first angle-resolved photoemission measurements showed little or no band dispersion in C60 suggesting that vibronic structures produced the -1-eV widths of the features derived from the two highest occupied molecular orbitals. Recently, Gensterblum et al.
observed modulations with emission angle in the HOMO line shape that they interpreted in terms of a combination of dispersing bands and vibronic loss structures. The relative importance of band structures and electron-vibron interactions in crystalline C60 has remained uncertain.
In this paper we report sharp structure in the photoemission valence features of C6p(111 ternal structures as they change energy position with 8.
Structures in HOMO are present, but much more subtle, possibly resulting from a more even distribution of underlying
The sharp structure and changes in line shape seen in Fig.   1 Fig. 1 . Matrix element effects can modulate relative emission intensities even in the absence of significant dispersion, but they will not produce shifts with 8 as seen in Fig. 1 . In fact, the distribution and 8 dependence argue that there are dispersing bands underlying the entire width of this feature (2.9 -4.0 eV).
Evaluation of the HOMO-derived features in Fig. 1 Fig. 2 and the corresponding lower resolution spectrum in Fig. 1 reveals that the shoulder at 3.8 eV in Fig. 1 (001), where the peak intensity of a constant kinetic-energy feature occurred for direct coupling of initial and final states but structure persisted when electrons were excited to a higher portion of the band and scattered to a minimum in the band before being emitted. ' Figure 2 also shows that the width of HOMO -1 is only -0. 6 eV in the h v= 9.0 eV spectrum, which is significantly less than the -1.0-eV width reported for gas-phase spectra. ' The width increases to 1.1 eV in the upper spectra. The marked structure shifts from -1.9 to 2.5 eV as a result of transitions from HOMO bands to unoccupied bands that disperse 0.6 eV.
deeper HOMO -1 bands are excited to final states above this minimum, revealing the entire width of HOMO -1. Dispersion of the HOMO -1 bands in the l -L direction may also contribute to the changes in width of the emission feature since increasing the photon energy changes k~. Figure 3 shows a sharp structure apparent near 1.9 eV in the 8= 0' spectrum, that shifts to 2.5 eV in the 8= 15' spectrurn. At higher emission angles more subtle structures can be seen, such as a shoulder in the high-binding-energy side of HOMO in the 8=18 spectrum and the double-peaked structure in the 8=24' curve. The upper two curves show the nearly Gaussian line shapes characteristic of HOMO spectra for h v= 10 eV (Fig. 1 ).
Taken together with Fig. 1 , the changes seen in Fig. 3 provide evidence that unoccupied bands disperse from -6.2 to 5.6 eV above EF as kj~r uns from I toward K. The modulations also show that the bands underlying HOMO are distributed over a -1-eV range. This demonstrates that vibronic structures do not determine the width of HOMO and that band structures persist even with the orientational disorder inherent to fcc C60. The sharp feature marked in Fig. 3 was not present in the HOMO spectra for h v= 10 eV (Fig. 1) . ) The lack of sharp structure in the upper spectra of Fig. 3 indicates that the unoccupied bands -6 eV above Ez are less important for determining valence feature line shape when k~~i s well away from I'. In Fig. 1 
